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Assignment 3 — Task 1

Cache optimization

for(r=0; r<N; ++r)
for(c=0; c<N; ++c)
s += m[r][c];
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Assignment 3 — Task 1

Cache optimization

for(rs=0; rs<N; rs+=b)
for(cs=0; cb<N; cs+=b)
for(r=rs; r<rs+b; ++r)
for(c=cs; c<cs+b; ++c)
s += m[r][c];

NO temporal locality
=> No benefit from blocking (tiling)
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Assignment 3 — Task 2
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i++)

i < N-4;

for(int i=4;

ULkT[3101] = 2*V[k][jI[1] - U[k][jI[1i] + C[k][j][1i] =
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Assignment 3 — Task 2

An intricate stencil code

fO r ( 1nt k Microarchitecture
for ( int Shorthand

SandyBridge-EP

IvyBridge-EP

Haswell-EP

LOAD

scalar AVX

27 |

14 27/4

SNB IVB HSW = =
for(int xeon Model E5-2680 E5-2690 v2 E5-2695 v3 STO RE 1 Cyllt Cyllt
| UlLk][ ] vear 03/2012 09/2013 oono14  j1[i] | *

( cO Clock speed (fixed) 2.7GHz 2.2GHz 2.3GHz -
(+] c1 Cores/Threads 8/16 10/20 14/28 -
Load/Store throughput per cycle
AVX(2) 1LD & 1/2ST 1LD & 1/2ST 2LD & 1ST ADD/SUB 26 26 26/4
+ ¢2 SSE/scalar 2LD|[1LD & 1ST|2LD|[1LD&1ST | 2LD & 15T | . ]
L1 port width 2x16+1x16 B 2x16+1x16B | 2x32+1x32B cyllt Cyllt
ADD throughput 1/cy 1/cy 1/cy
MUL throughput 1/¢cy 1/cy 2/cy 7
+| c3 FMA throughput n/a n/a 2/cy -
L2-L1 data bus 32B 32B 64B
L3-L2 data bus 32B 32B 32B
+| ¢4 LLCsize 20MiB 25 MiB 35MiB
— Main memory 4xDDR3-1600 | 4xDDR3-1866 |4xDDR4-2133
Peak memory BW 51.2GB/s 51.2GB/s 68.3GB/s Shift of bottleneck
Load-only BW 43.6 GB/s (85%) 46.1 GB/s (90%) 60.6 GB/s (89%)
11 3Mem per CL 3.9cy 3.05¢cy 243cy
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Assignment 3 — Task 3

Dense MVM for(i=0; i<N; ++i)
: _ . for(j=0; j<N; ++j)

Locality of access (N=15000): : P :
ity ( ) cli] += al[il[3] * bIj]:

1.8GB
sizeof(c) = 117 KiB

a[]1[] purely spatial locality (each element sizeof(a)
accessed exactly once in linear order) sizeof(b)

b[] spatial and temporal locality:
all elements accessed in linear order,
each element reused N-1 times since b[ ] fits into L2 cache

c[] spatial and temporal locality:
all elements accessed in linear order,
each element reused N-1 times from L1 or register
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Assignment 3 — Task 4

Loop nests
a) #define N 16384 #define N 16384
/... /...

s = 0.0; s = 0.0;
for(int i=@; i<N; i++) for(int i=@; i<N; i++)
for(int j=0; j<N; j++) change idx for(int j=0; j<N; j++)
s += a[j][i]; s += al[i][j];

b) bg = 128 GB/s, f = 2.0 GHz, T, = 200cy

Transfer time: Tcr, = 200 cy + 64 byte / 128 Gbyte/s X 2.0 Gey/s = 201 cy
Effective bandwidth: b = 64 byte / 201 cy X 2.0 Gey/s = 0.64 Gbyte/s

With 128B CL: T¢r128 = 202cy = Tcea =2 effective bandwidth doubled
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Assignment 3 — Task 4

Loop nests
c) by =128GB/s, f=2.0GHz, T; = 200cy, L = 200 byte
T T,

200 cy
P = =1+ =1+
V/bs V/bs 64 byte/64

e — 201

cy

BUT: The CPU needs to be able to process the data!
1 scalar ADD/cy = 8 byte/cy = 16 Gbyte/s < b,, 1 AVX ADD/cy = 64 Gbyte/s < b,

SOLUTION: more SIMD lanes, more ADD pipelines, more cores, ...
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